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NAT!IONALADVISORYCOMHITTEEFOR AEROXNJTICS

TESTSW A FULL-SCALEHORIZONTAL‘TAILSURI’ACE

11;THE LAHGLEY16-FOOTHIGE-SPFSDTUXKEL —-

By CarlF. Schueller,PeterF. lIorycinski.
andE. Kurt Strass

suii.L&Y .,

Teststo determinethe aerodymad.ccharacterist~cs
of a full-scalesemispanhorizontaltail surfaceof a
f’igkter-typeairplanehave been conductedin the Langley
16-foothigh-speedtunnel. The testswore carriedto a
maximumliac-nnumberof C.7 exceptfor ‘modelCOnfiG.TWa-
tions~or whichtke msxinmmallowable10adswere.reached
at lowerspeeds. The resultsprssentedshow &e eff”ects
of elevatornose shape,elevatortrailing-edgear@le,
and trailing-edgestripson the aerocl’pamiccharacter-
isticsof the model. Resultsare also@ven for a few
mea9urenentsof the externaland internalelevatorpras”-
suresand the exten+of laminarfiov on the ste.bil.izer.

.

Increasingthe Machnumberfrom ~.2 to.~s7 rasulted
in a markedincrease(-O●0015 to -0s0032)in the rate of’
changeof hinge-monentcoef~icientwith elevatordeflec-
tion,a smalltncrease(0.0025to Q.@132?) in the rate of
changeof Mnge-moment coefficientwith angleof attack

—

and an appreciableloss (0.51to 0.34.) in elev”ktor
effectiveness.

The incremental changesin elevatorhinge-moment
charactersticsdue to modifyingthe elavatornose con- -
tourwere or aboutthe‘samemagnitudeas wouldbe.pre-
dictedby the use of reccntl:rpublishednethods.

.—
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INTRODUCTION .

Pastexperiencehas shownthat surfaceirregularities
and deflectionshave detrimentalelfectson the aero-
d~riamiccharacteristicsof horizontaltailsurfaces,
particularlyat high speeds. Accuate estimatesof the
characteristicsof tailsurfacesfor high-speedairplanes
thereforerequt~etestsof full-scalemodelswhichare
reproductionsof the tailsurfacet-obe used on the air-
planes. The modelused ;n thesetestswgs builtby con-
ventionalmanufacturingmethodsand.was for use on an
experimentalairplaneafter~ompletionof t-heti-ind-tunnel
investigation.

The originalmetal-co;eredelevatorwas tested
througha rangeof Machnumbersof 0.2 to 0.7 to deter-”
mime the aerodynamiccharacteristics.A f’ewtmb were
alsomade to determiinetheextentof lauina~flow,the
externaland internalelevatorpressures,and the effact
on the aerodynamiccharacteristicsof traili~-edge
stripsand of loweringthe elevatorwith respectto the
stabilizer.

Severalprofilemodificationsof a full-scale
woodenelevatorwere testedat low speedto obtainthe
efi’ectof nose shapeand tralli.ng-eilgeanglemodifica-
tionson the elevatorcharacter”isti.cs.

COEFFICIENTSANDSZW30LS
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Reynoldsnumber

Machnumker
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The subscriptsoutsidethe p=~entl~eses.rapreser~ti
t]lefactorsheld constantin the deteriLinationof t~l~

parameters.

Subscripts:

e elevator

.

f

a-

\

i internal

“u . ,—
m
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DESCRIPTIOITOF l,iODZL

The modelwas a full-scalesemfspanhorizontaltail ._
surfaceof,a~ighter-~ airplano. The airfoilwas made
accordingto the N.WA 66-009profile,modifiedto have a

. .:
straightcontourbeyondthe 72-percent-chordstation.
The physicalcharacteristicsof-themodel are givenin
tableI andfigure1. —.—— -—J

Stabilizer.- The stabilizerwas of met= construc-
tion andmetal covered. (Seefig. 2.)‘ All rivets‘were
flush and the surfacehad been filled,rubbedwith abra-
sive cloth,and waxedto increasethe surfaces~oothness;
Iaoviever,considerablesurfacewavinessexisted. The Zap
betweenthe elevatorand stabilizerwas approximately‘
l/).j.inch sndwas constantfor all elevatorangles. In
orderto reduceunclesirableairflow throughthe elevator
hingepockets,themodel includedcoverplates,which
were attachedto tb.etop andbottonof each stabilizer
hingebracket.

Elevators.- The chordwiseand spanwisedimensio~
of all the elevatorstestedwere equsl. The hin&e line
was locatedat 7Z.t)percentof the chordof the.horizo~.tai
tail and the overhangwas 48 per~nt of the elevator

(
cbchord

)
—= 0.48. NO trim tab is used on the elevatorCe

of this airplanebecausethe ale & izmidenceof the
stabilizeris adjustablein fli~>t.

The metal elevatorwas of aluminumconstruction
with no vent or drainholes. The nose sh=peweg semi.-
elliptical,am.dthe contourwas a straighttaperbehind
the hingeline,resulting in a trailing-edgean@e 01
approximately130.

Elevators1, 2, 3, and )}were constructedof sp~ce
and incorporatedsystematicmodificationsto the ele-
vatorprofile(fig.3). Elevator1 had.a bluntnose and

--

.

..

strsighttaperbehindthe hinge line (Q = 130). ~~e-
vator2 had a bluntnose and a cuspedcontourbehindthe “-...-
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hinge line (q=‘7’0). Elevator?j‘hada modifiedblunt
nose and a cuspedcontourbehindthehingeline ($

of.the same~ol~)”Elevator )+had a semiellipticalnose, -
tour as themetal-coveredelevator,and a cuspedcontour
behindthe hingeline (g= 70). T$e ~oordtnatesot
theseelevatorsare givenin table”II.

Examinationof the stabilizerandmetalelevztor
showed.ti~atthe centerlineof hil~e-besringh the sta-
bilizerbracketswas approxiw.atelythreethirty-seconds
of’an inch above thechordline. On tlieotherhand the
hingepins for themetal elevatorwerefound to be slightly
abovethe chordline. As a l~~sultof thesestructural
irregularities,the uppersurfaceof the elevatorpro-
jectedapproximatelyone-sfiteenthof an inch abovetho
contouror the sta’~iiizerfoi~’neutralelevator. Tim
effectof thesestructuralirre~ularltiesand themodi-
ficationsmade to compensatetor themwillbe discussed
later.

APPARATITSAND METHODS

Modelinstallation.-Inasrnuchas a semispanmodel
was used,it was necessaryto locatethe centsrlineof
the horizontaltail surfaceIn the planegf the tunrlel-
wall flat to produceair-flowconditionsmoreclosely
simulatingthoseof flight. (Soe_fiGs,i and2.)”
Labyrinth-typesealswere usedwherethemodel.support
went throughthe tunnel-wallflat to reduceto a minimum
the leaka~eof airfrom the testchsmberto the tunnel.

.

b

.

.—-
--

—
—

r
-.
—

Hinge-morlentmeasurement,-The elevatorcontrol
tubewas extendedso thatit passedthroughthe tunnel

.

flat and two self-aliningbearingsmountedon the turmel
balanceframe. The elevatorhingemomentwas transferred
throughtb.eelevatortorquetube to a 6-inchcrankand
thenthrougha jackscrewto the platformof a SCale. ile
jackscrewwas alsoused to varT the elevatorar@o. Thr3 .. .
piatf’orfi~scalewas attachedri~idly..tothe tunnelbalance
i’rameand,sinceall otherrelatedpartswere also z;

attachedto the tunnelba.lane%frqe, there‘,Yasno possi-
bilityof thehinge-momentm.casuramentsinterferi~=with P
themeasurementsof lift>d.ra&Wd pitchinGmonont.
Allforce andinolilentdatawere recordedsimultaneously.
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Elevatorar@e measurement.- h autosynwas used to
raeaswethe elevatorangle. The transmitterwas attached
rigidlyto the stabilizerat the iribosx-dhingecut-out.
~.sm~l piniongem on the ~r~mitter sb.dtWaS driVen
by a largegear sector,whichwas rigidlyat~achedto“tile
rOOt of the elevator. Thus,any“elevator’deflectionwas
multipliedby the gearrat10 (approximately22:1)aiid
transmittedelectri.caliyto the receive-r.A csHbrated
dial attachedto the receiverprovideda continuous
visualindicationof the elevatorangle. A templeiwas
used to checkthe zeroreadingof the autosynindicator.
This systemmeasuredthe elevatorroot anglewithin*O.lO.

Ar@e-of- attackneasuzzemente- An inclinometer
locatedon e referencesurfaceof the uodel support
systemwas used to measurethe an@e ot ~ttack of “tfie.
stabilizer.The.measurenentof the root”angleof the
stabilizeris believedto be accuratewithin*0.05°. ,

Pressuremeasurements.- I@essuremoasmements cwer
the nose and top surfaceof themeta.1-co”veredelevator
weremade by the use of a pressurebelt (0.090-inch-
diametertubes) locatedappr~~imately~~ inchesfrom tti
centerlineof the airpiane(station47). Externalpres-
sureswere alsomeasuredbehindthe middlehingepocket-
on the top surfaceof tl~eelevatorby means of a small
pressurebelt. Thesepressurebelts arebelievedto
have no importanteffecton the pressuredistributions.

The intern= pressureof ti~eelevatorwas me~~~ed.
by open-endtubes10CatedLa two’elevatorpanels. Cne
tubewas locatednear the inbosrdend of the elev~t”ci-
(station50) and the otherin thepanel adjacentto azzd
on the tnbc=d side of the middlehingepocket (sta~~oh~).

Trailing-edge strips.- &inch-
‘trips‘f J

1 -lnch-
‘T n

diametertubingwere attach.edto both surfacesof tke
metalelevatorat the trailingedge. The methodof
attachingthe tubingto the elevatoris shownin fig-
ure 4. Stripsthatwere full span,half span,&nd
quarterspan in lengthwere tested. The lengthof the
trailing-edgestripswas vsriedby cuttingeqqal.“~.o~ths
from the root and tip ends of the strif is.(Seerig. 4.)

Trm itionstrips.- The extentof laminarflow over
the stabilizer,withnetalelevator,was determinedby

—
.-

-. .-
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fixingthe transitionwith ~-inch-widestripsof carbo-
rundLumonthe top surfaceof’the stabilizera: cokst=lt
percentageof chordstations. Shellacwas firstapplied
to the surfaceas a spanwisestrip-onwhichNo. ~“~
powderedcarbarundumwas,evenlydistributed.upon com-
pl~ti.on of the testswith thistransitionstripjit was
removadand the grucesswas repeaixd-ata more fo.rwsrd
station. At tke ~-percent-chcrdstationtestsweremade
with the st~ipon the top Sux-faceand also~.~~tlistripo
on both tti.etop aiidbottomsurfaces.

‘Imms

Test datafor the’metalelevatcmwere
o“otainedfor anglesof attacirof -,. 00, ,~:~:;;;d 9°;

-~o,-*~, -10,elevatordei’laction.sci’.-l~o, > 3°>~>o; and14°;andM= 0.20,0.~5,G.!:5,0.50,@:~J,0.60,
;.s~,and O.70 with the originalhingepositior.,Tk.e
possiblecombinationsof thesevax-iableswere l~:litad
by themaximumallowableload on !&hemod-cl,A foivteats ‘“
alsoweremade withthe stabilizerhingebracketslowered
5/52 inoh.

The woodenelevatorswere testedonly at moderate
speedsand a sEla?Ll ran...oof al~leof attackari elev&tol”
angles. Teststo determinethe e~fectof trailing-edge
an&le(elevators1 and2) weremade with.the original
hingelocation, Teststo deterJiiinethe effectsof nose
shape (elevators2, 3, and~) weremade witl~the sta-
bilizerki~o bracketlowered3/’32inch. Testsof ele-
vatorprofilemodifications,trailing-ewestrfi;s,and
transitionstripsincludedo~nlylimitedcombinat~o.na of
angleof atback,elevatormgle, and speGd,usually
a = -30 to ~o, ~ = -8° to 9°,and 1)1= 0035.

The datapresentedin thisreporthavebe~n corrected
for tunnel-walleffectsby t~i~ use of tlm reflection-
planetheory~iveilin reference1. The projectedfrontal
area of themodelwas sucha smallpart of ths tunml
area thattunnel-constrictloncoryectiol~~were ne~ligible.
Also,correctionsto pitchin~momentdue to imodeldei’Zoc-
tionsndbalance-fr~e deflectionwere foundto be

.

.-

-..

.—

9
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negligible. The correcteddatawere cross-plottedand
the valuesat selectedanglesof attackand elevator
angleswere thenplottedagainstMachnumber. The average
dynamicpresmres and averageReynoldsnumberscome-
spendingto the testMachnumbersare shownin figure5.“--
The Reynoldsnumberis based”on the calculatedmean ae??o-
d~~mic chordOf 4s27 feet. The resultoIn&reinare gen-

—

erall;rplottedagtinstMach numberratherthanvelocity
or dynmic pressurebecauseMach numberis consideredto
be the dominatingvariable. The effectsshownin these
plots,however,includeef~ectsdue to distortionof the
modelunder load and azzenot entirelycompressibility
effects.

Testsweremade with appro.ximately a ~-inch&ap
aroundthemodel supportat the tunnelflat,with this
gap rsdRcedto a ninimumby the use of a labyrinthseal, -
andwith the sap completelysealedwith flexibletape.
Thesetestsindicatedthatcorrectionsto the ~rody-
namiccoef~icientsdue to air leakagefrom the test
chsmberto the tunnelfor t-hevazziousleak conditions
tested were negligiblef’orthis setup. All testswere
.nadewith the 1ab~~intb.-type
gap.

RESULTSAND

BasicEata with

seal&r&mci?the modelend

DISCGSSIOZi -—..— ..

MetalElevator .- —

Effectof angleof attack.- The variationof the
aerod~amic coefficientsCL> CD, and Cm over a ~vide
rangeof angleof .attack at low sFeedwith themotel ele-
vatoris shownin figure6 for 5 = -0.5°and 10.&o.-T“he
low v~ue Of maximum CL obtainedprompteda tuftStudy
to determinethe originand progressof the stall. At
an angleof attackof 11° a localaea of.sc~y~atedflow
appe~ed near the leadin~ewe, centeredabout1 footin
from tinestabilizertip and extendingover abo’dt1 f~ot
of the span. As the angleof attackwas increased,the
separationspreadbackwsrdalo~~the chordand inboard
towardtb.estabilizerroot. -———

.-
ECfect of Mach n~ber ._ The variationof the aero- -

dynamiccharacteristicsof themetal elevatorwith Kach



numberis shownin figure7 for a = -30 00, 3°, 6°,
and 9.Qandamsximxmtestrangeof 6 = l@ to -130. The
increasein CD with Machnumbershownin thisfigure
doesnot indicatethat the criticalspeedof the t~il
surfacewas attainedin thesetests. The pitching-mcment
and liftcoefficientswouldbe expected,from Glal?ertls
t~-eory,to increaseapprox~atclyaccordi~ to the

factor (1 - @-”2; however,figure~ doesnot show
an increaseof thisorderof mqnihde. 1.1i~ct,for
somemodel coriigurati.onsat small’valuesof a and
largevaluesof’ ~, thelift coefficientsdecreasewith
increasingMachnumber,and thisdecreaseis believedto
resultfrom twistof tl~estabilizerwhen the lift“was
obtainedby deflectingthe elevator. The elevatorhil~e-
momentcoefficientgenerallyincreasedwith incrGasim&
Mach.numberfor 6 = YO to -8°. Thisincreasewa~ much
mcnaerapidthanthe increaseobtaimd by theuse OT

Glauertr.s f’ector(1 - &)-1/2. ‘T~].ef’allureof the tcst
datato increaseaccording”to Glar.ert!sfactoris not
unoxpected sincethistheorydoesnot take into account
the effectsof boundary1ayerand str-tict~m”aldei’ormations.
At Machnumbersbeyondthe testrangeso~ie cl~angesin al
coefficientstie likel;;to occur.

—,
—
—

-.. .

3

-t

Aerodynamic‘P~7smetersof MetalRlovator ‘

Lift.- The vnriationof t~.elift‘parm.eters %a-—
and CL6 of’the ]iletd elevatorwith Mach ~unbe’ris
shownii figure8. The lncrease of the parsmet?r.CLa
with Machnumberis less thanwouldbe predictedby th-e
use of’@auert!Sfactorandno criticalconditionis
apparentup to a Machnumberof 0.70. The gradual
decreaseof’ CL5 with lfachnumber.is an uridesirable
characteristicand is believedto be due to tho gap
(0.005c)betweenthe stabilizerand elev~.torleadip?
edge andpartlyto the elevatortwist.
of CL

S2mulclt?:evaluO”

:
be used as an indicationof elevatoretf’ective-

ness,..i~~e 8(a)wouldindicatethatthe loss in ele- X
vatoreff’ectsvenessis s-mallas the airspeed.is Incrt?aced;

cL~ bahowever,the ratio — = — is usuallyused as a cri- r
CLa AG

tez%oh-””OT elevatoref’fectivenes”ti.~.e vsriatLonoi’
~a/~5 with Itlachnumberas shownin figureS(b) indicates
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9..
thatthe elevatoreffectivenessdecreasedfrom 0.51at
M= 0.20to 0.34at M = 0.70. Since cLa and c~a
wouldbe expectedto increasewith speedand cL~
actuallydecreaseswith speed,the loss of elevatoreffec-
tivenesswith increasingspeedis ascribedto the decrease
in CL6. As mentionedpreviously,the decreasei.n cLa
with increasingspeedis believedto resultprimarily
from the gap betweenthe rearpart of the stabilizerand
the elevatorleadingedge. This impressionis further
substantiatedby a comparisonof the resultsof testsot’
anotherfull-scaletail surfaceat high speeds(r6fer-
ence 2) with the presentmodel, The onlyimportant
differencebetweenthe two horizontaltail surfacesas
regardsthe changein CLa with speedis the use of an
elevatorseal on themodel of reference2. Any differences
in the variationof CL~ with speedfor the twomodels
must thereforebe an effectof the elevator-gapcon-
figuration. w figure24(a)of reference2, the value
of CL5 is shownto increasewith increasingspeedup
to the-maximumtest speed M = 0.68 when the elevator
gap was sealedand the elevatorwith no appreciable
fabricdistortion(elevator1) was tested.

The theoreticalelevatorof’fccti.venesshas been
calculatedaccordingto the,theoryof rererence3 and is
20 percenthigherthan the ex~erimentalvalueobtained
at M = 0.2c. Sincethe thin-airfoiltheoryappl”iestc
fla~shingedat the leadingedge and no correct~onis
made for the increasein lift due to thebalancearca~
the elevatorwith the balanceareawouldbe expectedto
have a highereffectiveness.Reasonableagreementis
obtained,however,betweenthelow-speedvalueof ba~~
of 0.51 for thesetestsand the ex~erimentalvalueof
0.55of reference4.

. .-

Pitchingmoment.-The variationof pitching-moment
pmamet~rs with Mach numberis shownin figure9.
parameters Cma and Cma (fig.9] increasein abs~~te--“--
valuewith increasingMach number.
(~%@Q ~

The parameter
givesthe positionof the aerodynamiccenter—.-—..—..——

with respectto the quarter-chordpointof the calculated

?:;%y:n::;
W’herthelift is

chord. The variationof
Machnumberis presented
obtainedby changingthe

the par’am~tcr
in f’igure~. --
angleof .-
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Hinge moment.- ~i10effectot increasi~ Mach number
on tb-&7GFiiii.nge -izorl~ntparaietersis slzownin f2.L-
ure 10. In ~eneral,Iilie overbalticeof” % a ald tl’m
underbQance of cy~+ increasedWj.tliincreasi~~ Macb-
number. In the absenceof”bound~ry-layerchangeu,the
elevatorhinge-mcmentcoefticisntmi~at logicallybo
assunmdto iilcreasein absolute,valuewith speedaccording

/
—

V-3-112Tmwver,to Glauei-t!a factor 1 - ... . -
i

t% increase
in Ch5 wi’th;,!acb.mm er is’apprmimately“bh’eetime5
thisXactorat lif= O.~0. Furthermore,
1P. C]la

t.hsi.ncrease -
representsan increaseof approxfmatel;:10C per-

cent in thehinge-moment‘coefficient.(Seere~~z~nce2.]
AJ.soshownin figure10 are the valuesfor zer~.aznd
iOO pei’centaerGd~;namicbalance.and balanceeff’ectiivo-
iless.The valuesfor zero aerodynamicbalancehave been
calculatedacc.or.dingto the theorypresente~iq refer-
ences5 and 6 ~nd,as such,do not includetiomprass%l@tty-
ef.fects. However,the low-speedvalueshave been cxtsnded
throughtkm speedrangetosteclto prov;.de an approximate
criterionfor judqingthe experfiilQr-t@values.

affectof Trailing-zdgeAngle

The low-speedvaluesof Ch~ and c~l
f

ob’tained
with themetaie“levator(trailing-edgewag e i~”) were
0.0020and -0.001~,respectively.TbLeresultsof test8
made at the Lan@ey Laboratoryof a scale_rnodelof the
completeairplaneandexperiencewithfl~gtctinvestiga-
tionson otherairplaneshave sho’;tithat the vd.ueof
Cha shouldbe approxinat~lyzero-in orderto avoidadver~ ‘
effectson-tlie stabilityand control.characteristics, .
particularlyin gusty,air. PrelhninaPycalculations
basedon unpublisheddataindicatedthat.zero Cha could.
be obtainedby decreasl~ the trailing-edge .le from
approxtiately130 tu- 70. YTh~schangein elevaor shape
was obtainedby the use of solidwood elevatorsand is
illustratedin figure3.

.

—

.—

—
—

—
x.

i ‘-
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Hingemoment.- The effectof trailing-edgeangle
on the elevatorhinge-momentcoeffici~ntis shownin
figure11 for threeanglesof attackand M = 0.;35.The
nonlinearityof thesecurvespreventsthe exactuse of
theusualparameters,but the 6° changein alevator
trsdlh.g-edgeangleresultedin changesin the parameters
of approximatelyACha= -0.0013and ACha= -0.0026.
The changein Cha due to reducingthe trailing-edge
anglewas of the desiredmagnitude,but the accompanying
increasein Cha was undesirable.The undesi??able
increasein Cha due to reducingthe trailing-edgeangle”
may be nullifiedwith no appreciablechangein

.

changingthe elevatornose shape. (Seesection~~it~d
‘lE~fect-ofNose Shape.[t)

Effectan drag.- The variationof the drag coeffi-
cientfor elevators1 and 2 (q= 13° and 7°, respec-
tively)with elevatorangleis presentedin figure12
fer threeanglesof attackand M = 0,35. The increase
in dra~for a givenLncrementof elevatordeflectionis
slig’htl~rmore for elevator2 (~ = 7°) thanfor elevahr
(g= 135).

1

Effecton lift.= In general,a decreasein elevator
trailing-edgeanglewas.accompaniedby a slightincrease
in lift. Reducingthe trailing-e

T
e anglefrom 130 to 70

increased CLa from 0.061to 0.06!.and CL~ from 0.031
tO 0.032.

Effecton pitchingmoment.-Reducing-thetrailing-
edge anglefrom 1~0 to ‘(Ocausedthe centerof lift-~&—
be shiftedrearward. The centerof lift shiftedfrom
22.6 to 24.2 percentof themesm aeredyzmmicchordfor
6 = 0° when the liftwasv~ied by changingthe angle
of attack. The centerof liftwas shiftedfrom 56 to’ - ““”—
57s7Percentof the mea aerodynamicchordfor a = 0°
when the liftwas variedby changingthe elevatorangle.
Thesechangesagreequalitativelywith otherinvesti-
gations(refxwence7).

Effectof-Nose Shape

The-resultsof thesetestsfor trailing-edgecon-
figurationsshowed.that the desiredvalueof c~fi ... --could
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be obtainedwith a trailing-edge&@Le al?a~rOXim.atelyr.o. The reductionin trailing-edge~le,--ho”kever”,
~ausedan appreciableincrease(-O.001~) in the v.~ueof
Cha. Sincethe originalvalueof ch~ obtsined for the
metalelevator(-0.0015) was consideredsatisfactoryby
theifianufacturer,it-wasdesirableto reducethe ~ew value
of’ c:~5. Reference8 showsthat‘thevalueof c~;~ call
be changed,withoutappreciablyaffectingthevalueof
Cha, by alteringthe elevatornose shape. Accordingly,
systeti~tlcaltei~ationsweremade to thenose profIlo
untila satisfactoryvaluc3of Chb was o’otsined. (Qee
~’ig.5.)

Hingemoment.- The effectof thenose?.aodifIcations
on thehinge-moment..coeff’icie~.ttit& l,!achinuaberof 3.55
is shownin figures23 and 14. The noril.tnearityof the
variationof thehtnge-momentcoefficientwith elevator
anglepreventsan exactmeasureor the pazzsmetar.Clla● -
Also,the differ~ncqin structural.sti~~l~easbetweentli~

..-

woodenand~.et.al.elevatorsand the as-ymmetryof tl~ei~et al
elevator prcvent3 Q d~~~ct COmpaI+fSOn Of the hin:c-?~korLent
parameterscf the two elevator;,Therefore,elevhtor1~,
‘;fliich Lad a se,mtelliptical nose pr”ofile likethe r,ekal
elevator,is used as a referencea+@ only tho i_ncrom~ntal
changesin Chb and Ch~ due to nos~fiddil’icaticnsere
presented.Figures15 and 1);.indicatethatzmditying
the elevatornoseprofile,to modi$iedblunt shapo (ele-
vatoi’~) resultsin ~ChE= ~.0010 and ~Cha= u●(XX’J2,
approximatdly, andmodifyingthe .elevqtol=nose.tot:ie
blunt~hape (elevator2) resultsin bc~:~= G.0020 and
AC1la= O.JOO)+;ceasequentlj~;9, elevatar.thatilia~a
slightlygr.caterb&le.nce-n~nent~-e& tli~ ~levat.or.>“wi~
providethe desired“decreasoin CL

f
of o.ool~ and so

nullifythe”adverse”effectof reducn.gthe trailimg-ed~e
angleta 70● The testsof the woodenelevatortliqrGfcro
indicatethatthe deslrcdvaluestit Chti”~ ‘~““@d
ch~ = -o●ool.~at” h!= 0.35may be obtainedif the ori,?inal
mGtalelevatorprofileis inodifiedso that it h“a~.amodi-
fiedbluntnose shape (elevator3) and a cuspedc~]it~u~
behindthehingeline (elevator2).

The incrementalchangesin Cha due tc the elevatcr
nose’~contourmocllfications.ar~ of the ssme orde~of’
ma&nitudeas wouldbe calcu?-atedby the iietiiodOf

.

.
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re~erence8. As mightbe expected,verypoor agreement
is ohtsined when the valueof ChG for any one elevator?

is calculatedfrom the unbalancedsectionflap data and
correcti_edfor balanceeffectsby thismethod. More
precisemethodsfor correctingsecticnhinge-momentdata
to finiteaspectratioarebeing developedat the present
time.

Lift.= The effectof’elevatornose contouron cL~
is shownin figure15 at 5 = 0°, M = 0.35, and a = -3°
to 30. Figure15 showsthat the lift increasesslightly
as the surfacediscontinuitybetweenthe rearportionof
the stabilizerand the elevatornose is reducedbecause, .
as the contourof the t~il surfaceapproachest~atof
the true airfoil,optimumpressuredistributionand lift
me obtained. ..

Drag.-The efi’ectof elevatornose contouron drag
is al~hown in f’igure15. The drag increasessl@htly
as the surfacediscontinuitybe”tweenthe rearportioncd?
the stabilizerand tb.eelevatornose is increased.

Pitchingmoment.-The effectof elevatornose con-
tour on the pitchingmonentwas not appreciableand no
data srepresented.

Effectof Trailing-EdgeStrips —
.

Temporarychangesin..elevatorcharacteristicsare
oftenmade by the,useof trailing-edge.strips. An inves-
tigationwas thereforeundertakento determine,for th~i”

.-

full-scaletail surface,the combinationsof length&id
diameterof trailing-edgestripsthat couldbe used on
t~leoriginalelevatoras a temporaryexpedientto obtain
c~a= o. Vmious lengthsof $-incband ~-

1
$
inch-diameter -

stripswere testedat M = 0.35 and a = - 0, 0°, and 3°.

Hingemoment..Figues 16and 17 show the variation
of hinge-momentcoe~ficientwith-e-levdtorangle--for
variouslengthsof $-inch-and & -inch-dismetertrailing-
edge stripq,respectively,at a =
bl= 0.35.

.3°,00,”3°,and
‘Decreasingthelengthaf the stripdecreases

the slopeof the hinge-momentcurves,and rioabrupt
changesin the trendof the curvesoccur. The data

—
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these~i.gureshave bee”nused tm obtainthe
partioters Cha ad %G shownin fi~- ,

desiredvalueof Ch. = Cl can be obtained.-, ,
by use of a k-inch-diametertrai.l~~j-edgestripextelid,i~1
across24percentof the spanor a ~~-inch-dismeter strip
extendingacross38 percentof the ~~~1 and centrally
locateron the elevator,at the expense,however,or an
undesirableincreasein Chb, The efi’e,ctOr SFOefion
the effectivenessof the,trailing-edgestripsis 9I1OWLI
in figure19. No seriouschmge of hil e-momentcoef-
f’ici.ontor Cha occursup to id= ?o. ~ WIth Vile
full-spani-inch-diameterstripson the-elevatwrlmalling
edge. -.

Of interestis the fact that the effectsof the
trailing-edge stripson thehinge-;iloment-c~el?fi:cierlt
parameters,Q_,a ~d Chb, and the liftparsmeter“CL5
are directlyoppositeto the effectsdue to bev.elin~the
trailingedge;that is, the use of trailin~-et@estrips
resultsin increasesin tb-evaiues01’ %u> C~16, and
Qy whereasbevelinga trailingedge CEUW5Sdecreases
.Lnthe valuesof theseparameters.

Lift.- The ef~ectOF varyingthe len@h of the
trail~g~edgestripson liftcoefficientis shownin
figure20 for the ~-inch-di,smetoqstripand in _fiUuze21

3
for the h-inch-diameterstrip. Theuse~of fld.1.-sp.an
strips01 eitherdiameterres~~ltsin an ‘&-praciabl&
lncrease in lift at thelLighelevatoran@es. ~~ s
iacreasein lift,however,affectsonly tke valueof’
CL~J the valueof CLa remafnirigpractically;constsat.

,

.—

—

—

The valueof
the increase

is 17 and 15
is increased

.c~ainc~easesline~ly with striplengt:~; —

for.the ~-inch-and
z
-inci~-dimeterstrips

percent,‘respecti.v&l:!,whea the“striplenath
from zero-spanlengthto full-span~en~;bli. ..

Dra~.- The effectof the le-ngthof’the trailing-edge
n.

stripson dr~ coefficientfor &tich- and&inah-
diameterstripsis shownin figures22 and25, resl]-ec-
tively. In general,the increasein drs&due to
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lengtheningthe stripsfor the &-inch-diameterstrips
is doublethe increasewhich occurredwith the ~-inch-

16
diameterstrips. The msxlmumincreasein drag coefficient.
measuredwith ~-inch-diameter,full-spanstripswas

8
13 percent.

Pitchingmoment.-The centerof.liftwas shifted
from 23 percentto 29 percentof themesm aerodynand.h
chordfor 5 = 0° when the liftwas iritirea~edby chaiii~ “
the angleof attack. The msximumshiftin the aerodynamic
centerwas from 52 percentto 58 percentof the mean
aerodynamicchordfor a = 0° when the liftwas increased
by changingthe elevatorangle. ---

Effectof LoweringtheElevatorwith

Respect--tothe Stabilizer

The datapresented.inthe sectionentitled‘{Basic
Datawith MetalElevator{tindicatedthatthe metalele-
vatortrimmedat approximately-5° for a = 0°~ which is
believedto be a resultof an ervorin the hi~e loca-
tion (see‘~Descriptionof Modelll]andpossiblysome -
asymmetryin the elevatorcontour. A limitednumberof
testswere thereforemade with themetal elevator16wered
to be more nearlyalinedwith the stabilizerin orderto
determinetileeffectof this change.

Hinge nornent.-The effectof loweringthe hinge
line~the elevatorhingemonentis shownin ~igtire24.-
for threeanglesof’attackand M = 0.35. The new hinge-
positionresultsprincipall~in a shiftof the hinge-
moment-coefficientcurvesfor a limitedr-e of elevator
angles. The elevatortrim angleat a = Oo is changed
from -5° to -1°.

Effecton lift,&ag, andpitchingmoment.- NO data
are presentedto show the effectof loweringthehinge
line on ~L? CD, and C!n becausethe effectwas
negligible. .-

..—
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TransitionStrips

.

An investigationto determinethe extentof l~ilin~
flow on the stabilizerwas undertaken*csrborundum
stripswhich are describedin detailunderIIllethodsand
App=atus~lwere used to fix the transitionlocation.

Effecton drag.- Fixingtke transitionaheadof its
normallocationshouldresultin an appreciable“increase
in dra,g.No pronomteedincreasein drag occurredas the
transitionstripwas movedforwardon the uppersurface
(fig.25) to the 0.05clocation,and it is thereforecOn-
cludedthatonly a limitedregionof’l~inar flow existed,
possiblyO.1OC. TW lackof laminarflow cannotbe
attributedto tunnelair-streamturbulence,sincetb.e
turbulence~actori’orthis tunnelis of the sameorder
of magnitudeas the factorfor the low-turbulencetunnel,
and extensivelsminarflow is usuallyobtainedon smooth
models. Surfaceirregularitiesnear the stabilizernose,
particularlya spanwisejointat O,1OC,are probably
responsiblefor fixi~.the transitionlocation. pig-
u.re26 showstlieeffecton dra~of.10Catirigthe trusi-
tionstripson the upper and lowersurfaceof the stabi-
lizerat 5 percentchordat O = 0° for M = 0.s?0, 0E!;5,
and 0.60. The Iilcrementof dr~ caueedby the transi-
tiOilstripsremainsalmostconstantfor a = -~” to 35
and M = 0.20 to 0.60 andessonti~ly equ~ to tke
increaseshownin figure25.

Eff’ecton elevatorhingemoment,- The ef’feeton— .. ------
elevatorhingemomentof movingthe transitionstrip
f’orwardis showni.nfigure25 for 6 = 0° smd40,a= 0°,
and M= 0*45” The hingemoment dQcreasesslightlyas
the transitionstripis movedforward. T~ii9effectis
believkdto be due to thickeningof the boundarylayer.

Effecton lift andpitchingmoment.- The ef~octof
the t~sition-strip locat~n on CL‘md Clm was r~ot
appreciablefor any of the conditionstested.

AerodynamicHyst6rosis

Attemptsto checksome of thehinge-momentdata
revesled apparentdiscrepancies,the magnitudeof which
appreciablyexceededthe acc~u-acyof themeasurements.
An investigationto determinethe ~onrcoof thesedis-
crepanci.esrevealedthat,for a givenmodel confi.~atlon,

,

.—

—
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.

.

two valuesof hingemomentcouldbe obtained,depending
on the direction~ronwhichthe desiredelevatorangle
was approached. ,..——

Effecton hingemoment.- Figure27 showsthe aero-
dynam~s-+%=s~f ~ect for elevator1. In general,
thehysteresiswas presentfor about15Q“Gfthe elevator
travel. The maximumdeviationdue-tohysteresisis
approximately2° of elevatorangle. The hysteresis

..

effectshownin figin?e27 is representativeof all of
the elevatorstestedwhichhad a straightcontotib-ehind
the hingeline. Cuspingthe elevatorcantourbehindthe
hinge line and so reducingthe traili~-edgeangleto 7°
resultedin the virtualdisappearance“ofthe aerodynamic’
hysteresis. Also thehysteresisdisappearedfor all
practical.purposesat Hachnumbersgreaterthan abotit
9.65. The aerod~sznichysteresisis probablyrelatadto
localboundary-layerseparationon the“rearpart of the
elevator.-itis an obviouslyundesirablephenomenon,-
whichwouldpossiblynecessitatecontinuoussmalladjust-
ments of the airplanetrimmingmechanismin flight.

Effecton lift,drag, andpitchingrxxment.=---Inas-
much as thehysteresiswas relatedto the elevatorca”n-.
tourbehindthe h?-ngeline,only a fractionof the total
sreawas sff.ectsd.As wouldbe expected,the.effecton

.

lift,drag,andpitchiw momentwas foundto be negli-
gibleand no data arepresented. .

,>

ElevatorPressure

The metal.skinon both the upper sndlowersurfaces
of theelevatorat station50 (fi~.28)bulgedand-ftiled
by tearingout from.underthe r~v.ethea~s at approxi-
mately0.75ce as a resultof eithera largelocalptias-‘“
suredifferenceacrossthe elevatorskin or localstress
concentrations. (Seefig. 29.) The externsland internal.
pressuresof t’neelevatorwere thereforemeasuredto .
determinewhethera local.aerodynatiicconditionwas
causingthe failure.

Two pressurebelts wereused to measurethe external
pressureson the upper surface. One belt was located
at station47 and a snailbelt at the stationof faiiur’e-‘“-
(station-50). No appreciabledifferenceswere noted,
however,in the externalpressuresat stations47 and 50,
and only the pressuresat station47 are shownin L “ --

..



ff,~~e 300 Thtsfigureshowsno irregularor excessive
externalpressuresin the areaof failure(0.750e)at
M= 0.20. Additionaltestsmade at N = 0,35 and 0.)L5
showedsimilarresultsand thebulgewas thereforecon-
cludedto be a resultof a localstructuralweakness,

The possibilityof ventingthe elevator“inorderto
nullifythe pressuredrop acrossthe skin and thus to
eliminatethe skindeflectionwas investigated.It was
necessaryto deteiminethe intsrnalpressureof the ele-
vatorbeforeatfiemptingto choosea vent location. F*7-
ure 31 presentsthe effectof e-levatorangleon the
internalpressurecoefficientPi at a = 0° and R = CJ,20.
The internal,pressurewas measuredwi~llnormelleaka~e
into theelevatorandwith all apparentopsningssuch as
the elevatorhingepocketssealed. A comparisonof fig-
ures 30 and 31 showsthat the normalelevatoi”leak~e
providesprobablythehighestnegativeinternalpressuro
and thereforethe lowestpressuredifferenceacrossthe
elevatorskin;thus air ventswouldbe of fiopractical
benefit. It must be concludedthatstructuralloads
causelocsl stress concentrationsat them~iddlehl~e
pocketandresultin failureof the skin at thislocatti.

CONCLUSIONS

The followingconclusionsmay be drawnfrom the
investigation”describedin thisreport:

1. A largeincreasein hiuge-rnomentparameter ch~
(rateof changeof hirge-momeiltcoefficientwith elevator
deflection)occurredfor themetalelevatoras tlieMach
number M was increased.The low-”speedvalueqf -0.001~
atM= 0.20increasedto -0.0G32at li= 0.70. The
hinge-momentpartieter Ch~ (rateof changeof hi~e-
mom,entcoefficientwith angleof’attack}changedfrom
0.0024.at M = 0.20tO 0.0027at Ii= 0.70with a minimum
valueof 0.0020at M = 0*35*

2, The metalelevatoreffectivenessdecreasedwith
increasingspeed. This eft’ectis believedto be a result
of the elevatorgap beingunsealed. The low-speedvalue
of 0.51 at Al= 0.020”decreasedto 0.34 at M = 0.70.

.

—

—

.
..-

.
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3. The valuesof Oha = .0,0015,and Cha = O
desiredfor this tailsumfacewhen used on the airplane
for whichit was designedmay be obtainedby modif~ting
the originalelevatorto have a-modifiedbluntnose (ele-
vator3) and a cuspedcotitourbehindthehinge line
(elevator2).

4. The incrementalchangesin ~~ due to elevator
nose-shapemodificationswere of abouttb.esanemagnitude
as wouldbe predictedby the use of recantlypublished
methods.

5. Trailing-edgestripsOf $-inchdiameterand :
24 percentspanlengthon-the-metalelevatorreducedthe
valueof Cha = 0.0020 to zero,but with an accompanying
increasein ch~ from -0.0015to =0.0040at M = 0.35.”“-” ““.–”’
No appreciableloss of trailing-edge-stripeffectivenes’~”
in changing Cha was appaent u-pto M = 0.65.

6. The regionof leminarflow over the stabilizer
was limitedto approximately10 percentof the-stabi-‘-
lizerchord.

LangleyMemorialAeronauticalLaboratory
NationalAdvisorycommitteefor Aeronautics

LsngleyField,Vs.,March11, 1946 .

3
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TABLEI

PHYSICALCHARACTIIRISTI(XOF THE HORIZONTALTAIL SURFACE

~c /

Cb = o.~ece +_q+ce= o.2&+

L— Ir
1~
,, t

Airfoilsection. . . . . . . .-; .
Semispan, b/2,

EodifiedNACA 66-009
in. . . . . . . . ~. . . . . . 112;0

Root chord, cr> in. . . . . ... . . . . ... . . 66.0
Tip chord, Ct> in. . . . . . . . . . . . . . . . ~~.g
Areaof semispan, si#2, sh in....... .. 5275.0
Mean aerodynamic’chord,in. . . . . . . . . . . . , 1.3
Aspectratio, A- ;-–,-.. . . ... . . .-.-,-., . , z.76
Taperratio . . . . . . . . . . . . ...”... ..”0.50
Areaof stabilizer,Ss, sq ir.. . . . . . . ‘.-. 3259.0
Areaof elevator, Se, sh in. -. . . . ..- . . . 429.~
Areaof overhang, Sb> Sq ill”-..“O , . . .“, ,-,596.0
Root-mean-squareelev?.torchordbehindhinge

line, Ze, in.. . . . . . . . . . . .. . . . 15,7)-
Elevatoroverhang, Cb/Ce .”. . . . . . . . . . . . o.4d .,.—.-

-.

.-
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TABLE11

COORDINATESFOR WOODENEIJiVATORSIN PERCENTCHIQRD

x
Elevator1

Y

‘1’

Elevator2

0

. ...

7.10

1
,61
,03

8.23

b
8.16
8. 2
8.-5
8.65
8.91
8.93
~*95
8.99
8, 5

3
q
;.44
8:0,3
7*57
1

.10

6:?;
5:$
7L*53”3*Q3
;.1$

$$$
●

1.56
1.13

.82

.52

.27

Elevator~

Y

0
7,19
(9‘9

2
●;3
,19

6*T1
7.20
7*47
7975

1
:~~

8. 1
78..+3

8.~o
8.57
8*63
8.69
8.65
8.60
~.~1
:.:#

●

1,56
1● 1-3
.82●52

.27

Elevator4

7999
“7”53
7.10
L59
6;13
5.5a

2
,a!+

,*53
“ 3.3

73. .+8
3.01
2.)17
,2*92
1.y5
1.13.

.82

.52

.27
Trailing-edgeradius= 0.05 inch —

(a~straight--taperbehind32.4percentchord.

NATIONALADVISORY
COMMITTEEFOR AERONAUTICS

.-
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Fig. 16a-c NACATN No. 1074
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